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PART I 


RESULTS OF PREVIOUS RESEARCH PROGRAMS ON TRIAXIAL COMPRESSION TESTS 
Bet ee oe ee ee 
OF SOILS 


1. INTRODUCTION 
From February 25 to 27, 1916, the Office, Chief of Engineers, 
U.S. Army, sponsored a meeting at which two foarte” were given on 
certain investigations being carried out at that time in the field of 
soil mechanics, With regard to Parts I and II of this thesis the 
report given by Philip C. Rutledge, consultant of Northwestern Univer- 
sity may be considered as the starting point. Both reports appeared 
in a publication released by the United States War Department in 
April 1947. Rutledge's findings are given in the following summary 
and they are used as the basis of the treatment of the triaxial and 
consolidation test data obtained by the University of Alberta on a 
research program for the Department of Transport, Canada, in Part II. 
It is unfortunate that the D.0.T. tests were performed 
during 1946 and 197 just prior to the release of the Rutledge 
report, Had this information been available sooner test procedures 


would have been somewhat altered, They are discussed in detail later. 


2. CLASSIFICATION OF TRIAXIAL TEST RESULTS 

Rutledge points out that the triaxial test data falls into 
three catagories, Each catagory depends on the particular type of 
soil and on the degree of saturation as follows: 

(a) Cohesionless soils--e.g. gravels, sands, silty sands, rock 
flours, etc., both saturated and unsaturated. 

(b) - Saturated homogeneous soils--e.g. sedimentary clays below 
the zone of weathering and some undisturbed clays with as 
much as 5% of the voids filled with air. 

(c) Partially saturated cohesive soils which includes the | 
majority of the cohesive soils. 

(1) The second report was prepared by Donald W. Taylor of the Massa- 


chusetts Institute of Technology and dealt with "Pressure Distribu- 


e008 hee tAee Earth Cell Investigations, and Pressure Distribution 
ata", 
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3. BASIC TYPES OF TRIAXIAL TESTS 

Important distinctions depending on the type of drainage 
occurring during the triaxial compression tests are made. Gseerndo. 
points this difference out and classifies the tests under three groups: 

(a) Quick tests, (Q), in which no drainage of pore water is 
permitted during the test. 

(b) Consolidated Quick, (Q,), in which drainage of pore water 
is permitted during the preliminary consolidation, namely, 
after applying the lateral pressure but before axial load 
increments are applied. 

(c) Slow tests, (S), in which complete drainage of pore water 
takes place during all phases of the test. 

Only (Q) tests were performed for the Department of Trans- 


port. 


h. PRESENTATION OF TEST RESULTS 
Plots of deviator'3) strength versus water content at the 

end of test have been shown to give the most direct and useful method 

of presenting the data test results. Fig. 1 reproduced from the 

Rutledge report for soft undisturbed Chicago Clay shows such a curve, 

Also illustrated is the major principal stress versus moisture content 

for the consolidation test assuming 100% saturation which Casagrande 

points out is another unique curve for a particular soil. For saturated 
cohesive soils it follows that the major principal stress, for any 
particular lateral pressure, versus moisture content at end of test 

is also a unique curve. 

In the report are also shown similar curves for undisturbed 

Massena Clay. These, however, are not reproduced here. These distinc- 

tive curves lead Casagrande to formulate his working hypothesis. 

(1) An extensive study was made on recompacted cohesive soils by R.H. 
Hislop in a thesis entitled, "Deformation Properties of Compacted 
Clay Soils", for a Masters Degree, University of Alberta, 19l7. 

(2) Professor A. Casagrande of Harvard University in the Harvard Report No. 3. 


(3) Also called compressive strength and equals the diameter of the 
Mohr's Circle at failure conditions. e.g. © 1 -O 3 
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1-A -- Water Content versus Major Principal Stress, Consolida- 


tion Test and Water Content versus Compressive Strength 
for Triaxial Test. 


1-8 -- Mohr Stress Diagram.for Failure Conditions ne 
from Curves 'A' and 'B! in Fig. 1-A for '9 and 
' S! Tests. be’ 


The above diagrams have been reproduced from the Rutledge Report. 
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Moisture contents instead of void ratio were selected for 
the compressive strength plots since this information was accurately 
available for the triaxial tests and could be readily computed for 
the consolidation tests. In many cases moisture contents appear to 


be the governing factor. 


5. CASAGRANDE'S WORKING HYPOTHESIS FUR SATURATED COHESIVE SOILS 

"For a saturated homogeneous clay the test results indi- 
cate that there is a single curve of compressive strength versus 
water content at end of test that is independent of the type of test, 
test lateral pressure and pore water pressure, The test data indi- 
cate a probability that there is a single curve of major principal 
stress, or consolidation, versus consolidated water content that is 
independent of the type of test and the minor principal stress", 

The Rutledge Report offers considerable data to substan- 
tiate the working hypothesis using clays from Chicago, Massena, 
Atlantic City, Blue Mountain Dam and Boston. The information was 
provided by the various organizations that contributed to the U.S. 

War Department! s‘1) research program, 

The two curves present a complete picture of the strength 
properties of saturated cohesive soils under the three types of drainage 
used in triaxial testing. From these curves the Mohr Circles and Mohr 


Rupture Line may be constructed. (See Fig. 1, Page 3) 


6. SHEARING STRENGTH DETERMINATION USING CURVES 'A' AND 'B? 

If the consolidation test curve is called ‘curve A' and the 
deviator stress O7 - 03 versus % moisture at failure 'curve BU it 
can be shown that they enable the determination of the shearing strength 
in all three types of triaxial test. The procedures are: 

A. For Quick 'Q' and Unconfined ‘yt Tests--The deviator stress 
at failure for 'Q! tests has the Same value for all lateral pressures 
for a given moisture content, Since no moisture is drained the strength 
corresponds to the value obtained on curve 'B'. 'U' tests are a special 
Case with '0! lateral pressure, 


(1) Harvard Uni i 
niversity, Massachusetts Institute of Technology. Wat 
Experiment Station, Vicksburg, Mississippi gy, Waterways 
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B. For Quick Consolidated 'Qc' Tests--The water content, "Wo! s 
at end of preliminary consolidation under any selected lateral 
pressure may be obtained from curve A. Since the 'Q,' test assumes 
that no change in water content occurs during the triaxial compression, 
the compressive strength (6 4 - 03) is taken from curve B at the same 
water content, 'W,'. 

C. For Slow Test (3)--The consolidated water content, 'W,', 
corresponding to any selected stress © 3(=O5 =O7 during preliminary 
consolidation) is determined from curve A. From this water content 
and stress, © 3, curves A and B are followed in the direction of 
decreasing water content until a water content, 'Wp', at the maximum 
stress is found such that the value of omy on curve A is equal to 
the initially assumed lateral pressure o 3 plus the compressive 
strength (0, - a3) on curve B. For each assumed lateral pressure 
only one water content will give values on the two curves that satisfy 
this condition. 

The stress circles and the corresponding rupture envelopes 
obtained from the above procedures have been found to be almost iden- 
tical to those obtained from the best average test envelopes, Some 
deviation has been observed at the lower stress range for 'Q' tests 
on remolded compacted materials, where the rupture envelope was found 
to be parabolic. Remolded clays contain air in the voids and this gives 
the difference in the slope of the curves, It can also be shown that 
if curves A and B are parallel it follows that the Rupture envelope 


is a straight line passing through the origin, 


7. ADVANTAGES OF THE WORKING HYPOTHESIS 
The working hypothesis has four important advantages over 
previous methods of presenting triaxial data. 

(a) With additional confirmation the above method can be used to 
eliminate the time consuming 'S' triaxial test, the drained strength 
being obtained from curves A and B. 

(b) The presentation of strength results with the two curves does 
not involve the angle of internal friction nor the cohesion value. There 
is some doubt that the angle of internal friction has any significance 
for a cohesive soil since the values obtained from the Mohr's Diagram 
involve failure stresses obtained from materials not in the same condi- 


tion. The moisture contents, densities and void ratios are not the same 
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with the different lateral pressures used in the tests, There is 
therefore small justification in assuming these conditions as the same 
and drawing a Mohr Rupture line tangent to the stress circles obtained 
in this manner. 

The two-curve method does not involve the doubtful quantities, 
'C! and '', and is therefore much superior in this respect. 

(c) Curves A and B are plotted directly from test data and 
show immediately the effects of initial differences in water content 
and difference of material. 

(d) Curve A has been shown to be independent of the neutral 
stresses (pore pressures) and can be used with curve B to determine 


the effects of limiting pore pressures on the strength of the soil. 


8. VARIABLES AFFECTING STRENGTH 
Rutledge lists the important variables which affect. the 
compressive and shearing strength of a soil. They are as follows: 
A. Soil type, character and plasticity 
B . Condition of soil--e.g. undisturbed, remolded, compacted, etc. 
C. stress history of the soil 
D. Type of test -- Q, JU, Qes or S 
EH, Minor principal stress during consolidation and during test 
F, Initial water content 
G. Initial void ratio or dry density 
H. Initial degree of saturation 
I. Water content at end of test at maximum stress 
J. Void ratio or dry density at end of test at maximum stress 
K. Degree of saturation at end of test 
These variables do not influence all soils alike and a classi- 
fication of cohesive saturated soils based on test results may be made. 
Group A 
Compressive strength varies as a direct function of water 
content at the end of tests and is not significantly affected by other 
variables except initial water content and plasticity of soil. 
Group B 
Compressive strength varies with water content at end of test 
and with minor principal stress, 
Group C 
Compressive strength varies with final water content, with 


minor principal stress and with density, plasticity and original 


character of specimens, 
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At the time of the Rutledge report very little data was 
available on partially saturated cohesive soils. The following 
information is however given: 

(a) Factors other than the water content at the end of test 
influence compressive strengths. 

(bo) The test lateral pressure appears to have almost an equal 
effect on the compressive strength as does the moisture content at 
the end of test. 

(c) The type of test, (Q, Qes OF S) has no consistent order 
or effect on the compressive strengths. 'Q!' and "Q.' tests give 
average results which are about the same. However, slow tests were 
found to give sometimes greater and other times smaller values of 
compressive strength than the 'Q' and 'Q,' tests. Soil type appears 
to govern such cases, 

(d) A general tendancy has been noted for greater initial dry 
unit weights to give greater strengths under any given lateral pressure. 

(e) Effects of compaction are indefinite. 

(f) Final densities and degrees of saturation have marked 
influences on test strengths. 

(g) The variables listed in paragraph 8 all have some influence 


on the compressive strength. 


10. RECOMMENDATIONS FOR FUTURE TESTS 


Partially saturated cohesive soil should be given top priority 


in future investigations. 
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PART II 


INVESTIGATION OF CERTAIN STRENGTH-MOISTURE RELATIONSHIPS 
INVESTIGATION OF_ CLETAIN SE eeeeeE———Eee 
OF 

PARTIALLY SATURATED COHESIVE SOILS 


1. INTRODUCTION 

The Department of Transport of Canada, during 1915 and 19h6, 
conducted an extensive soil survey on a bearing load evaluation pro- 
gram of certain airports. Methods of design used by most of the 
United States authorities were considered too conservative and, to 
justify the lighter construction of the Canadian airports, various 
test were made. These included all the usual soils classification 
tests as well as the California Bearing Rate. the Housel Penetration, 
Cone Bearing, Bearing Plate and the Quick Triaxial and Consolidation 
tests. 

The latter two tests were run on a great variety of cohesive 
soils most of which were partially saturated. Although the informa- 
tion was primarily for airport evaluation, the wide range and large 
number of tests performed made it possible to use the data for a 
study of the type recommended by Rutledge for partially saturated 
cohesive soils. (See S10, PI). The object of Part II is to determine 
whether a relationship similar to the two-curve method outlined by 
Casagrande for cohesive, saturated soils exists for the partially 


saturated soils examined under the D.0.T. test progran,. 


2. GENERAL DESCRIPTION OF SOILS TESTED 

Classification, consolidation and triaxial 'Q' tests were 
performed by the University of Alberta and the information was made 
available for this thesis. Undisturbed samples approximately 6 inches 
in diameter and 6 inches long were obtained in the field and shipped 
to the soils testing laboratory of the University. Soils were thus 


obtained from the airports shown in Table I: 
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U.S. Public Road Average Average 
Administration Liquid Plastic 
Airport Classification Limit Index 
i. 
Lethbridge A-7T, riers ) 39.5 20 
Fort St. John A-7 49.2 27 
Grande Prairie A-7 63.9 38.5 
Saskatoon A-7, A-6 6.5 CBA 
table 1‘) 


Soils from Ft. Nelson, Regina, Winnipeg, Calgary and 
Moncton airports were also tested at the University. The Ft. Nelson 
data did not include any triaxial tests and very few tests were 
performed on the Regina, Winnipeg and Moncton airports. The Calgary 
soils were non cohesive and do not belong in a discussion of cohe- 
sive soils. For these reasons only the soils listed in Table I have 
been included. 

Dr. ucLeoa'>) in giving a general description of the soils 
states that the soils were well above the ground water table and only 
21.7604) were found to be saturated. Little if any compaction was 
used during construction. Table I has been reproduced from his 


report. 


3. LIMITS ON THE USE OF THE D.O.T. DATA 
The test information was primarily obtained for load 
evaluation of airports and not as part of a triaxial test research 
program. Definite limits are thus set on the use of the data by the 
very nature of the soils tested and the tests performed. 
a, The samples were obtained from under airports already built. 


They may have been subjected to remoulding, compaction, etc. Layers 


(1) 


The Public Roads Administration describes these soils as follows: 

A-6-- Fine grain soils, highly colloidal types of inorganic 
clays, medium to high plasticity. 

A-7-- The great majority of inorganic clays, (e.g. glacial 
clays), and some types of organic clays, medium to high 
plasticity, 

(2) Data from Dr. McLeod's Report, Airport Evaluation in Canada pub- 
lished by the U.S. Highways Research Board, Bulletin No. B, 197. 
(3) 


Dr. N.W. McLeod, Engineering Consultant, Department of Transport, 
Ottawa, Canada. 


(4) Includes all airports except Calgary. 
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of overburden may have been removed or a section may have been 
completely filled material. It is impossible to estimate the stress 
history of the soil. If available this information could be used in 
checking the virgin compression curve of the consolidation test. 
Differences in consolidation curves may be due to different degrees 
of preconsolidation rather than to different soil types and a check 
would be valuable. The samples are thus undisturbed only when con- 
sidered in respect to their position beneath an existing airport and 
not to the state they may have existed originally. 

b. Airport loadings are mostly of a very rapid nature, for 
example, the live load and impact of an aircraft on landing or taxiing. 
A strength test for an airport evaluation program would have to 
duplicate field conditions with no time allowed for consolidation. 
Therefore, all the triaxial tests that were performed were of the 
'Q' type, and no information was available to verify the 'Q! and 
'S! test relationship to the consolidation curve. It may be pointed 
out that in this respect, the Casagrande two-curve hypothesis applies 
to all three types of test, 'Q', 'Q.', and 'S!', 

c. A considerable lapse of time occurred between obtaining the 
samples and the testing during which some drying of the samples was 
unavoidable. This drying may be quite high and combined with the 
fact the samples were not saturated in the field conditions, a com- 
parison of a strength moisture curve to a consolidation curve in 
terms of percent moisture may not be possible. The consolidation 
samples are very nearly completely saturated and the two curves may 
not overlap sufficiently to establish any relationship. Table II 
gives the range of moisture contents obtained for the four airports 


in both the triaxial and consolidation tests. 


Triaxial and Consolidation Test Moisture Contents 


aah Triaxial Test Consolidation 
fo) 

Samples WA Wa 
Grande Prairie 15-32 20-58 
Lethbridge 6-20 138-3 
Fort St. John 14-28 18-36 
Saskatoon 18-38 20-10 


Table II 
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Comparison is not entirely justified even when the mois- 
ture contents are the same in the two tests. With a partially 
saturated triaxial sample and a completely saturated consolidation 
sample at the same moisture content it follows that the triaxial 
sample has the greater void ratio, The degree of saturation and 
void ratio have been shown to affect the strength. For this reason 
it was decided to investigate the triaxial and consolidation test 
data, first separately, and then for interrelationship. 

d. Samples for the airport evaluation program were necessarily 
from different locations and depths on the airport to enable a general 
evaluation of the load bearing capacity. From a uniformity stand- 
point such sampling is highly undesirable and considerable variation 
was to be expected. Before the data could be used for the investi- 
gation a complete classification was necessary. The plasticity chart 
offered the most convenient method for such classification. 

e. The Casagrande two-curve wrking hypothesis for saturated 
cohesive soil is independent of the pore pressure. In a partially 
saturated soil, pore pressure is difficult to define. Both air and 
water may be considered carrying neutral stresses. Air is highly 
compressible and in a three-phase system a change in void ratio can 
take place without the loss of any water or air. It is possible for 
the effective (intergranular) stresses to be mobilized almost instan- 
taneously on the application of a load increment. On a saturated sam- 
ple a similar load increment may produce failure since the increase in 
total stress is taken by the water phase without an increase in shearing 
resistance, The D.0.T. testing did not include any pore pressure 


measurements and their effect cannot be ascertained, 


h. TREATMENT OF DATA 


a. Original Arrangement of Data--The test data were originally 
arranged for each airport according to the location and depth along 
base lines established on the airport. The information was also 
separated for base course, sub-base (Fort St. John only), and sub- 
grade materials, A code system was established using the following 
notation: 

QL, QU, XJ, XE--for Lethbridge, Grande Prairie, Fort St. John 

and Saskatoon, respectively. 


1U, 2U, ------- 22U -- for position along the base lines, 
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SGgn) BOst) Sonia subgrade, base course and sub-base, respec- 
tively 
0-6, 6-12, 12-18 ————— depth in inches of sample below surface 


of base course, subgrade or sub-base 
A sample of subgrade material from Lethbridge would have 
have been labelled as follows: 
Qu - 150 SG - 6-12 
b. Classification of Test Results--It was apparent that the 

arrangement described in 'a' was not a satisfactory means of classi- 
fication since it did not take into account the soil type. The liquid 
limit and plastic index for each sample, plotted on the plasticity 
chart enable the grouping of soils with certain similar eiarectersetics 
and it was decided to use this method for the classification. It is 
not, however, a complete classification because stratification, fis- 
sures, root holes, compaction, remoulding, etc., affect the strength 
and are not indicated on the plasticity chart. This information was 
not available and the plasticity chart had to be relied on solely. 

Liquid limit and plasticity index values can be influenced 
by the preparation of the samples for the pep Gly The test pro- 
cedures were standardized and it is believed that the values of the 
liquid and plastic limits were obtained with a minimum of variation. 

Using all the available liquid limit and plastic index 
values plasticity charts were prepared for each airport and a best 
'fit line' drawn. Samples for which triaxial test results were 
available were given a number, The number '‘'1' was given to the 
sample with the highest value on the best 'fit line'. Points that 
were on the same line at right angles to the best 'fit line' were 
given identical numbers, This number was called the 'plasticity 
number', Increasing plasticity numbers were given to the samples 
with lower plasticity values. The plasticity number has been shown 
on all the strength-moisture plots. Should any relationship have 
existed between strength and plasticity it would have resulted in 
some logical order or arrangement of the plasticity numbers but this 
was not the case, It was only the extremely high and low plasticities 


(1) Classification and Identification of Soils by Arthur Casagrande, 
Publication No. 432, 1947-48, Harvard Soil Mechanics Series. 


2 
2) Control tests performed by the University of Alberta 
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that had an appreciable effect on the strength of the soils tested. 
Fig. 2 shows the best 'fit line! of all the plasticity 
charts. Comparison with the standard 'A' line indicates that most 
of the soils fall above the 'A' line. Each airport gave a well defined 
best 'fit line' which indicates that the soils for each airport have 
the same geological origin. There is a difference between air- 
ports which was considered sufficient to prevent comparison of soils 
between different airports, The consolidation tests were also arranged 
in order of the position of the soils on the plasticity chart. In this 
case plasticity did not appear to make an appreciable difference and 
numbers similar to those used in the triaxial data were not used. The 
original computed consolidation data were in the form of void ratio and 
pressure in pounds per square inch. It was necessary to recompute 
all the values on a percent-moisture and pressure in ken/em-—basis to 
enable comparison with the triaxial test data. (See Sample Calcula- 
tions--S-9, P=II). Another difficulty arose in classifying both the 
triaxial and consolidation data according to the plasticity. Samples 
from depths 9-15" and 10-16" had no liquid and plastic limits. The 
values for 6-12" and 12-18" have been used depending on which 
appeared to be the more applicable but it is certain that a certain 
error could not be avoided, On the summary data sheet the figures 
in the brackets above the sample code number indicate from what depth 
liquid and plastic limit samples were obtained. 
c. Graphs--The following graphs were drawn for each airport: 
1. Plasticity Chart 
2. Percent Moisture (arithmetic scale) versus Major 
Principal Stress (logarithmic scale) at failure. Separate plots were 
made for the lateral pressuresof 0, 15 and 30 psi. 
3. Percent Moisture (arithmetic scale) versus Major 
Principal Stress (logarithmic scale) at failure. The three lateral 
pressures have been shown on the same plot, 
4. Percent Moisture (arithmetic scale) versus maximum 
Deviator Stress (logarithmic scale) at failure for 0, 15, and 30 
psi lateral pressures combined. 
5. Percent Moisture (arithmetic scale) versus Major 
Principal Stress (logarithmic scale) of the consolidation test. Super- 
imposed on these graphs were the best 'fit curves! from the percent 
moisture versus maximum deviator stress at failure, 
d. Selection of Graphs--In selecting the graphs to be plotted 
it was found that almost a straight line was obtained for the percent 
moisture content versus the major principal stress at failure on a 
semi logarithmic graph for the ranges of moisture content and soils 


investigated. The plot of percent moisture versus maximum deviator 


(1) The theory has been advanced that soils from the same geological 
origin fall on a single line on the plasticity chart, 
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stress (semi Logarieninic) tended to be more curved. To reduce the 
data to the simplest form, the relationship giving the straighter 

line was selected to enable easier evaluation of the effect of 
differences in initial void ratio, degree of saturation and plasticity. 
Using the major principal stress instead of the deviator stress made 
separate plots necessary for each lateral pressure. However, this 

was desirable since it eliminated crowding. For each point plotted, 
the other factors which were believed to influence strength as well 

as the code number were noted, for example, plasticity number, void 
ratio at start and the initial degree of saturation. 

The graphs for O, 15 and 30 psi lateral pressure were 
then combined to permit comparison. To reduce the information to 
a form comparable to the two-curve hypothesis the deviator stress 
at failure versus moisture content plots were made. Differences due 
to lateral pressures were noted and a best 'fit curve! obtained for 
each lateral pressure. 

All the consolidation curves were then plotted and the 
best 'fit curves! of deviator stress at failure versus moisture 
content were superimposed. 

e. Data-- The triaxial and consolidation test data have been 
condensed and presented in summary data sheets. Plastic limits, 
plasticity indices and specific gravities have also been included 
and the entire data arranged in order of position on the plasticity 
chart. 

The compressive index, pre-consolidation pressure and 
swelling pressure from the consolidation test are not included. 
Consolidation test pressures were not considered sufficiently high 
to give accurate compressive indices and the other two quantities 
may be readily found from the data and graphs. They were not con- 


sidered relevant to the discussion and thus were omitted. 


5. DESCRIPTION OF TESTS 


a. Specific Gravity--The method outlined in the University of 


(1) 


Alberta Soils Testing Manual was used, 


(1) Testing Manual for Soils used in the undergraduate and graduate 
courses in Civil Engineering Soil Mechanics, 1948. 
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b. Plastic Limit--The A.S.T.M., (American Society for Testing 
Materials), method Dk2h-39 was used, 

c. Liquid Limit--The A.S.T.M. method Dy23-39 was used. 

d. Triaxial Compression Tests--The procedure outlined for 'Q' 
tests in the University of Alberta Soils Testing Manual was used. 
Specimens were cut from larger undisturbed samples using a cutting 
tube, Briefly, the tests consisted of loading to failure, 1.l-inch 
diameter by 3 to h-inch long samples at 0, V5 (cand: 30, - psa 
lateral pressures in a closed chamber having a transparent lucite 
wall. No allowance was made for drainage and the load increments 
were applied by a jack arrangement and transmitted by a loading arm, 
piston and tilting head onto the sample. The sample was seated on a 
pedestal which in turn rested on a scale platform enabling the 
measurement of the total load on the sample. The triaxial testing 
machine was thus of the reaction type. Air was used for the lateral 
pressure medium and the samples at 15 and 30 psi lateral pressures 
were enclosed in rubber sleeves. Moisture content readings, measure- 
ments, etc., and the rates of loading, load increments, etc., have 
been shown on the sample data sheet on Page . 

e. Consolidation Tests--The University of Alberta Soils Testing 
Manual procedure was used. Rates of loading, dimension of sample, 


etc., have been indicated on the sample data sheet, Page 30. 


6. DIAGRAMS AND PHOTOGRAPHS OF EQUIPMENT 

Diagrammatic representations of the equipment have been 
given on Page 17 and Page 18. Photograph 2 shows one of the testing 
machines used in the D.0.T. triaxial tests and photographs 1A and 


1B show the consolidation equipment used. 


7. RELIABILITY OF DATA 

At the time the tests were made, apparatus and techniques 
had not been developed to the extent mentioned in the Rutledge report. 
New laboratory personnel had to be trained and some error due to 
inexperience may have been introduced, For example, final moisture 
contents were not obtained for a number of triaxial and consolidation 
tests. It was impossible to use this information on the present basis 


of computation. Probable errors due to apparatus and technique may 
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be computed and were taken into account in selecting suitable scales 
for the graphs. 

Non-uniformity of samples presents an unascertainable source 
of errors. In determining 'C' and 'f! it was pointed out in Part 
I that even the test procedure caused non-uniformities which made 
the value of these quantities doubtful. Stratification anc fissures 
may cause premature failure of triaxial samples. Rough handling in 
transit, and for some samples the ordinary preparation for the tests, 
damaged samples and gave lower compressive strengths. An occasional 
compressive strength appears high and may be due to over lubrication 
or dirt on the piston, 


Where the source of error could definitely be determined a 


correction was made, for example, in the following triaxial data, 


Rites Shs 


ie Test Moisture Content 
! MOHR DIAGRAM No. at end 4 
) TC, 12,6 
Z 

¢ 

: TC, 12.6 
wl 
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Normanw STRESS 
Fig. 5 
The compressive strength O, - 0; for test TC, 


appears low. The quantities which affect strength were found to be 
similar for TC; TCy, and TC36 A correction is justified and 
is indicated by the broken circle. Such corrections were found to 
plot much better on the strength moisture plots, In Fig. 6 no 


correction should be made, 
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Sample TC, differs in moisture content and does not 
belong in the same group as TC) and TC36 At least two circles 
must have had the same moisture contents, void ratios, etc., before 
‘Ct and 'g! could be found. 

Increased moisture contents during the triaxial test were 
noted for some triaxial tests. An error in weighing is the only 
possible explanation since no moisture was added. Sample 13 USG 
9-15, Lethbridge for which a sample data sheet is given on Page 30 , 
is an example. Several other triaxial tests for the Lethbridge 
soils show sinitar errors. Sample 13 USG 9-15, Lethbridge also 
shows the effect of improper seating of the loading block, piston, 
loading cross beam or Ames dial. Until proper contact was obtained 
between these parts, initial dial reading increments were too large, 
See Fig. 3 - Percent strains in such cases were computed from 
the dial readings after good contact had been obtained. 

The consolidation tests were computed on the basis of 
100% saturation at the end of the test. This assumption may not be 
entirely correct regardless of the length of time the sample may 
have been allowed to soak, For the lower pressure range, saturation 
probably did not occur for most samples but the curves are not of 
particular interest in this region. 

A few cases were noted where the loads were changed too 
rapidly on the consolidation test and accounted for the irregularities 


on the W% versus pressure curves. 


8, MEMBRANE EFFECT 


Rutledge points out that the membrane effect on the tri- 
axial test strengths depends on the type of soil as well as the 


type of membrane used. 


Example Increase in 

Soil Compressive Strength 
Massena Clay 0.18 kg/om* 
Chicago Clay 0.08 kg/em* 


The above membranes were 0.0) cm. thick. Membranes 0.006 
cm. thick were also used and found to give negligible differences, 
The D.O.T. data were plotted without any correction for membranes 


but their effect has not been neglected. In the comparison of 
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strength-moisture curves a correction was established for the best 

'fit lines!, Since no membrane calibrations were made, an arbitrary 
2 

value of 0.10 kgm/em was subtracted from the compressive strengths 


obtained with the 15 and 30 psi lateral pressures. 


9. SAMPLE COMPUTATIONS 

A. Specific Gravity, Liquid Limit, Plastic Limit--The 
specific gravity, liquid and plastic limit computations are shown on 
the sample data sheet, (Pages 26 to 29 ) and require no further 
explanation, Probable errors were computed for similar tests per- 
formed by students in the university soils testing laboratory. The 


following values may be taken as representative of careful work: 


Probable 

Quantity Error % 
Specific Gravity ¢ 0.5% 
Liguid Limit + 1.0% 
Plastic Limit + 1.0% 
Plastic Index + 2.5% 


B. Triaxial Compression 


i. Moisture Contents--Computations for the moisture 
contents are shown on the sample data sheet Page 30. 
ii. Vertical Axial Strain and Stress--The computations for 


vertical axial strain and stress are as follows: 


@.g-, example TC, QL 13 USG 9-15 at failure 


Load on pan = 400 gm. 
Load on pan x scale factor 4O0x50 = 2.0 kgm. 
1000 

Weight of block and piston = 0.4 kgm. 
Total = 20.0 + 0.4 = 20.4, kgm. 

Area of sample = 9.77 ae 

' ; a 

Dial ihereneat ) = 0.4930 - 0.4030 = 0.0900 in. 

Length of sample = 4.2 in. 

Percent strain = 90900100 = 2.12% 

he2k 
100 - % strain = 97/69 
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Corrected area = <*— 
0.979 
Deviator stress = ae 
Lateral pressure = 15 psi 


Total vertical axial stress at failure 


It may be shown that this value may be as much as 


1.03 + 2.03 


@) 
= 9,99 em® 


= 2,03 kem/em* 


= 1.05 kem/em* 


= 3.08 kgem/em® 


10% too low. The 


last load before failure has been used to compute the compressive 


strength. With a final load increment of slightly less than the 


50 gms. that were used, the sample might have withstood the increased 


vertical stress, The pan load may thus be approximately 


50 


4,00 


x 100% 


or 12.3% lower than the actual failure condition and consequently 


the deviator stress 20 x .123, or 0.25 kem/om* too low. If the air 


pressure of 15 psi was within 40.5 psi or the equivalent 1.05 


(os 
kgm/em’ F 0.0h kem/em*, the vertical axial stress at failure was 


0.04 + 0.25 5, 100% or very nearly 10% too low. 


3.08 


The percent moisture at the end of the triaxial test can 


be determined much more accurately to within ni 1%. Very weak soils 


may have compressive strengths indicated that are 50% or more, less 


than the actual values. 


The scales for the strength-moisture rela- 


tionships graphs were thus selected accordingly. The strength scales 


were more compressed to take into account the large probable error 


and best 'fit lines' were drawn to correspond to greater strengths 


where any doubt arose, 


2h. 


iii. Void Ratio, Degree of Saturation and Unit Weight at Stari-- 


Volume of sample = 9.77 x 4.2h x 2.5 


Volume of solids = Wt. of soil 
Sp. Gravity 

Volume of voids = 105 - 56 

Initial Void Ratio = = 


Volume of water at start = 


Degree of saturation at start = 


= 150.5 
2.69 


105 cc 
ere 
L9 ce 
0.875 

22.0: ce 


Lh .9% 


(1) This method of correcting the area is empirical. It has been 
used as standard practice at the University of Alberta and by 


many authorities, 


Corrected area 


Original Area 


1 — strain 
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Unit weight at start 


7 = 150.5 x 62. = g9.ct/tt? 
dry basis “Toe 4 he 
wet basis = 172.5 x 62.4 = 102,5"/ft 

105 


C. Consolidation Tests 

The computations have been shown in tabular form on the 
sample data sheet Page 32. They differ from the original calcula- 
tions made for the D.0.T. in that % moistures are determined instead 
of void ratios and also the pressures are in kem/om* instead of 
#/sq.in. Complete saturation at the end of the test and the fact 
that dial readings were proportional to the change in moisture content 
were assumed, Although the swelling pressures were not used, the 


method of obtaining them has been indicated on graph 3 . 


10. SAMPLES OF ORIGINAL DATA SHEETS AND GRAPHS 
Sample data sheets used in the D.0.T. program are shown 
on the following pages. They include: 
1. Specific Gravity Determination 
2. Liquid Limit and Flow Chart 
3. Plastic Limit 
. Triaxial Compression 'Q' Test 


5. Consolidation Test and W% versus Pressure graph. 
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11. COMPUTED DATA SUMMARY AND GRAPHS 

The graphs selected in S-l\C, P-II, are given in the order 
mentioned and for each airport. Consolidation test data includes 
sufficient information to compute void ratios if desired. 

The code numbers used for the triaxial samples on the 


strength-moisture relationships need some explanation. 


Their significance is as follows: 
Plasticity number--initial void ratio from measurement-- 
degree of saturation % at start--sample No. in the order 


given, 


In the consolidation test data summary a discrepancy will 
be usually noted if the saturated moisture content is computed from 
the initial degree of saturation and initial moisture content and 
compared to the column of computed % moisture at start. Two explana- 
tions are possible: : 

a. The initial degree of saturation is based on measured length 
and the diameter of the sample which has a large probable error due 
to the small size of the sample, 


b. The assumption of 100% saturation at the end of the test 


is not entirely correct, 


The values of cohesion and angle of internal friction have 


been included in Part II to be used in Part III. 
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12, DISCUSSION OF RESULTS 

The results have been discussed first for each airport 
separately. 

A. Saskatoon -~The Saskatoon samples were found to be the most 
similar to the Massena and Chicago clays reported by Rutledge. A 
high degree of saturation existed for most of the Saskatoon samples, 
averaging approximately $6.2 % but ranging from 52% to 100%. The 
strength-moisture plots give better relationships at the higher 
lateral pressures and this has been shown to be partly due to decreased 
probable errors at the higher pressures, 

Triaxial test strengths may have been actually higher 
than indicated. This has been due to load increments that were too 
large, for example, loads of 10, 20, then failure at 50gms. on the 
pan for unconfined samples. In this case the indicated compressive 
strength may be as small as 40% of the actual value. 

At higher lateral pressures the load increment was a smaller 
per cent of the total oaduand less probable error resulted. The 
confined tests therefore gave the better graphs and were more suitable 
for studying the effects of differences in plasticity, void ratio and 
degree of saturation. 

The plasticity chart indicates that the cohesive soils fall 
practically in one group and not much difference should be expected 
due to differences in plasticity. This was actually the case, and the 
main relationship appears between moisture content and strength. 

Large initial void ratios tended to give smaller compressive strengths 
for the same moisture content but there were a number of obvious 
exceptions, These may be due to some samples breaking prematurely or 
possibly for the existence of an optimum degree of saturation for a 
given moisture content. Insufficient data does not permit any sub- 
stantial verification of the latter, 

The plot of moisture content versus Oo) = 0, at failure 
gave one best 'fit curve! but with considerably more deviation than 
in the results reported by Rutledge. Differences in degrees of 
saturation and plasticity probably are the main causes. Most of the 
consolidation curves were very similar to recompression branches 


obtained in reloading consolidation samples. (Fig. 7 ). 
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This would indicate that the samples were considerably 
pre-consolidated. It appears also that the pre-consolidation may 
have been greater than that obtained by the standard graphical method. 
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If initially high void ratios are considered to be due to less pre- 
consolidation, then curve '2' is not on the virgin compression curve 
until it becomes tangent to curve '1'. There is no conclusive evi- 
dence, however, to prove that the differences in curves '1' and !'2! 
are due only to differences in pre-consolidation. Differences in 
soil types, effect of intergranular bonds and other factors may 
cause the differences, They also may have been deposited originally 
with varying void ratios, 

The establishment of the two curves in Casagrande's hypothesis 


requires the determination of the virgin compression consolidation curve. 
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86. 


Soils from airport sites have generally been subjected to shrinkage 
and other pressures and were therefore considerably consolidated at 
some time, The difficulty which arises in determining the virgin 
compression curve in the lower pressure range is not easily overcome 
unless none pre-consolidated samples are available or oe 
is used. Extrapolation, of course, cannot give very accurate results. 
It appears that the triaxial test strengths may not be influenced 

to a great extent by pre-consolidation. If this can be proven for a 
given soil, curve 'A' of the hypothesis may be determined by using 
the procedures outlined in S  , P-I, in reverse with the information 
on curve 'B!', Such a method would be very useful. Curves 'A' and 
'B! could be established using a number.of Q, tests, no consolida- 
tion tests would be necessary, the virgin compression curve would 

be obtained and 'S!' test results obtained without performing any 

'S' tests, The procedure would be limited to saturated homogeneous 


soils only. 


B. Grande Prairie--The plasticity chart indicates a wide range 
of cohesive soils but the differences in plasticity do not appear to 
be important governing factors. The plasticity numbers do not fall 
in any logical order or grouping. Large initial void ratios appear 
to correspond to smaller compressive strengths but there are a number 
of exceptions. Although the degree of saturation is determined by 
the per cent moisture and void ratio it appears to be another inde- 
pendent factor influencing strengths. 

The graphs of W% versus major principal stress at failure 
(semi logarithmic) gave straight lines for each lateral pressure in 
the moisture content ranges studied, Initial moisture contents were 
plotted for samples 22U - SG- 9-15, 2U - SG - 9-15 and 1U - SG - 10-16, 
since final values were not available. It was found in the other 
samples that the final moisture content was only slightly less than 
the initial W%é. The error that was introduced would be small and 
the points were important in establishing the best 'fit lines’. 

The degree of saturation was less than for the Saskatoon 
soils. Deviator stresses at failure gave separate best 'fit lines! 
for each lateral pressure, Higher deviator stresses at failure 


corresponded to the larger lateral pressures, 
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87. 


The consolidation curves indicated considerable pre- 
consolidation. Because of the different degrees of saturation, the 


triaxial test and consolidation test curves overlapped very little. 


C. Fort St. John--Graphs for the Fort St. John soils were 
very similar to those from Grande Prairie. Void ratio had a less 
marked influence on the compressive strength. The main factor 


influencing strength appears to be the final moisture content. 


D. Lethbridge--The Lethbridge soils were considerably less 
plastic and less saturated than the Saskatoon, Grande Prairie or 
Fort St. John soils. Decreased strengths with increased void ratios 
are very apparent and the increase in maximum deviator stress with 
increased lateral pressures is larger. The maximum deviator stresses 
at failure plot completely below the consolidation curves and compari- 


son is not possible. Large pre-consolidation pressure are indicated. 


13. VARIABLES AFFECTING STRENGTH 
The results have been discussed here under the headings 


given in S-8, P-I, Verification was obtained on the effect of most 


of these variables, 


A. Soil Types--The differences in soil types were shown on the 
plasticity chart, The plasticity did not make an appreciable difference 
in the strength of the cohesive soils from a given site. The soils 


with very high plasticities appear to have somewhat greater compres= 


sive strengths, 


B. Condition of Soil--No accurate records were made describing 
the initial undisturbed condition of the soil--e.g., fill material, 
stratification, etc. These factors probably would have explained 


many of the large deviations in the results. 


C. Stress History of the Soil--Much larger pre~-consolidation 
pressures than have been indicated by the construction method were 


probably had. (See discussion under Saskatoon soils, S-12A, P-=II). 


D. Type of Test--Only standard consolidation and 'Q'triaxial 


tests were run. Conclusions are therefore limited to these two tests, 


HE. Minor Principal Stress--The effect of the minor principal 
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stress in the triaxial test becomes more evident with lesser degrees 
of saturation. The values of 6),- 0 3 at failure are displaced 
in the direction of increased strengths for increased lateral pres- 
sures, This displacement was greater for the lesser degrees of 
saturation ranging from a single line in the highly saturated Saska- 
toon soils to three considerably separated lines for the Lethbridge 
soils. 

F, Initial Water Contents--For 'Q' tests very little 
difference was noted between end and initial water contents. Theo- 


retically there should be no difference. 


H. Initial Degree of Saturation--This is closely related with 
initial moisture content and initial void ratio but appears to be for 
some soils an independent factor influencing strength, (e.g., Grande 


Prairie). 


I. Final Moisture Content--The final moisture content appears 
to be the main influencing factor of strength for the more saturated 
soils. Void ratio and degree of saturation also have a marked effect 


for the less saturated soils. 


J. Degree of Saturation and Void Ratio at Ind of Test--These 
quantities were not measured in the D.0.T. program and their effect 


cannot be ascertained. 


14. CONCLUSIONS 


A. The Casagrande working hypothesis is limited to saturated 


homogeneous clays for which a virgin compression curve can be determined. 


B. No single relationship of compressive strength (deviator stress 


at failure) versus moisture content, exists for partially saturated 
soils in 'Q! tests. Different curves result for different lateral 
pressures, Increased dry density (smaller void ratios) at start 
appear also to increase the strengths. 

C. For a given lateral pressure the best 'fit line' on the 
major principal stress versus the per cent moisture at the end of 
test (triaxial test), seni logarithmic plot, is very nearly a straight 
line for the soils and moisture contents investigated, 

D. Virgin compression curves for the lower pressures are diffi- 


cult to establish for airport subgrades due to the large shrinkage 
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and overburden pressure that may have caused pre-consolidation. Pre- 
consolidation pressures may have been greater than those indicated 
by the present methods of evaluation. 

E. Where samples have very low field moisture contents and 
triaxial data were obtained at these moisture contents, a comparison 
of strength-moisture plots is not possible to the consolidation curves. 
€.g., Lethbridge, Grande Prairie and Fort St. John soils. 

F, The two curves of Casagrande's Hypothesis apply to ideal 
conditions which are approached with soils approaching complete 


saturation and uniformity. 


15. RECOMMENDATIONS FOR FUTURE RESEARCH 


A. The failure load increments used in the D.0O.T. triaxial 
tests were too large and resulted in large probable errors. 

Compressive strengths should be estimated and large load 
increments may be used up to say 80% of the estimated value. The 
final increments should be small enough to assure more accuracy. 

Be. 'Q', 'Q.' and 'S' tests should be performed on partially 
saturated samples with controlled moisture contents. 

C, Pore pressures should be measured to ascertain their effect 
on strength. 

D. Accurate calibration of membrane effect on strength for the 
soils tested should be made. 

E. Much higher consolidation pressure should be used to determine 
the lower portions of the virgin compression curve. The possibility 
of using curve B, to determine curve A from the converse of the 
working hypothesis, merits attention. This may be a means of estab- 
lishing the virgin compression curve for the lower pressure ranges. 

F, The strength of soils in this thesis has been approached purely 
from a mechanical point of view. Pre-consolidation may have been 
caused by other factors, for example, electrosmotic action, and the 
suggestion is made that strengths be investigated also from the physi- 


(1) 


cal, chemical, etc., viewpoints. 


(1) Geotechnics and Geotechnical Research--Hdmund F. Preece; Pro- 
ceedings twenty-seventh annual meeting, 197, Highway Research 
Board. 
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PART III 


INVESTIGATION OF CERTAIN INCONSISTENCIES IN 
RELATIONSHIPS OF SUBGRADE SUPPORT, ANGLE OF INTERNAL FRICTION 


AND SLOPE FACTOR 


1. The Rutledge and McLeod Reports 

From the Rutledge report, discussed in Part I, it was 
shown that the angle of internal friction for a saturated cohesive 
soil depended on the drainage conditions employed in the triaxial 
test. No relationship was indicated for compressive strength versus 
%, nor between Y and the final moisture content at the end of the 
test. For a partially saturated soil, it follows that the angle of 
internal friction obtained in a 'Q' test depends on the degree 
of saturation which limits the intergranular stresses that are 
developed and the value of @ which is mobilized before failure. 
A given degree of saturation thus in effect corresponds to a certain 
degree of drainage. 

Dr. McLeod in his report, "Airport Runway Evaluation in 
Canada", indicates a relationship between subgrade support and func- 
tions of 'C! and QJ. The subgrade support is defined as the load 
applied by a circular plate of given diameter on a subgrade which 
will give a certain deflection after a certain number of repetitions 
of load application. To correspond to the traffic obtained on 


Canadian Airports he uses the following: 


Diameter of plate =) BO" 
Repetitions of load =i eb 
Deflection Sr haat 


The subgrade support is a measure of the bearing strength 
of a subgrade and good relationship has been obtained between bearing 
plate data and other types of bearing and penetration tests. (e.g., 
C.B.R., Housel, and Cone Bearing. The functions of 'Ct and @ that 
are used are explained in S-2, P-III. 

It appears inconsistent, however, that a relationship should 
be obtained between subgrade support and g and 'C! when no similar 
relationship is indicated for compressive strengths and '@' and 'C!, 
An attempt is made in Part III of this thesis to analyze these 


differences. 
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2, Functions of 'Y' and 'C! Used by Dr. McLeod 

Consider Fig. 1, Lines A and B are parallel, the 
cohesion 'C! equals zero for line B. Both Mohr's circles have 
the same lateral pressure L= lL, and the subscript 'o' is used 
with the values obtained from line B. If the geometrical and trig- 
onometrical relationships of the two Mohr's envelopes are analyzed 


the following equations result: 


Ani eas = 1s Lo 
V Vo + 2c Cos g 
l-sing 
ae L 
b; Te a he 
Cosec Y=1 
| Cl ie = ie + 28, 


da om Ton 2 sin g 


1 + sin g 
e. a = - 2 C Tan (45-G/2) 
£. : = c Cos g 
3 l-sin g 
Zo f = q Sin g 
where 'C' = cohesion and '%' = angle of internal friction. | 


Dr. McLeod then proceeded to make plots of: 


ae V=L versus L 


an 
b. VoL versus V 
a 
Ce log V=L versus log L 
V 
d. log V-L versus log V 
V 


There is nothing significant about these plots and they 
are simply other forms of expressing the Mohr's rupture envelope condi- 
tions. The plot of versus log L, Fig. 2, has a point of inflec- 


tion which Dr. McLeod considered might be "a definite quantitative 


value that would correlate bearing plate and triaxial compression 
tests", The following relationships are obtained for this point of 
inflection: 
Log = 7 a2 = Log K.= Loe} L-| (-2c tan 5 - 9/2)|\ 
) 


which is the equation of the line. 
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TRIAXIAL COMPRESSION TEST 
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FIGURE 3 
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SLOPE FACTOR 
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SLOPE FACTOR 'M' VS. ANGLE OF INTERNAL FRICTION 
TRIAXIAL COMPRESSION TEST 
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The point of inflection is given by the second derivative: 
re GN es 
dei log jay 
(d log L)2 


and occurs at a lateral pressure of: 
Bo) =) 2 Vb 
The slope at the point of inflection is given by: 
V-L 
ag COE wpe = slope factor 'm! 
d log L 
3. Subgrade Support And Point of Inflection Factors 
a. Relationship Depending on 'Y' only--From the above 


analysis it may be shown that the slope factor '‘'m' is a function 


of '@' only and the relationship is expressed by Fig. 3. Therefore 


the plot of subgrade support versus the slope factor gives the same 
relationship as subgrade support versus angle of internal friction 


(Figs. and 5). Similarly subgrade support versus Vj - li , V5 
Vit Li 
or Vy; - 1; are functions of subgrade support and '§' only. 


b. Relationships Depending on 'C' and 'G'--Plots of 
subgrade support versus L; or V4 depend on the value of the 
cohesion 'Ct and the angle of internal friction '%'. The plot 
of subgrade support versus L; is reproduced in Fig. 6 and sub- 
grade support versus V, is omitted since no relationship is indi- 
cated. 

The relationships to be studied are thus reduced to: 
1) subgrade support versus angle of internal friction 


2) subgrade support versus lateral pressure at the point of 
inflection 


h. Study of Data 

The information that was available was limited to the 
Lethbridge, Saskatoon, Grande Prairie and Fort St. John airports. 
Dr. McLeod also includes the Winnipeg and Regina airports. However, 
they constituted only a small portion of the data and satisfactory 
conclusions may be obtained without their inclusion, A plot was 
made of the number of occurrences of values of 'C! between certain 
ranges (Fig. 7). It was found that 75% of the values of 'C! 


were between 0.1 and 0.79 tons/sq.ft. and 81% between 0.1 
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and 0.89 tons/sq.ft. Three curves were then drawn showing the 
relationship between L; and @ for values of C= 0.1, ©= 0.9 
and C = 0,63 tons/sq.ft. (Fig. 8). 

The curve for C= 0,63 gives the average relationship 
and the other two curves enclose a "band! from which 81% of the 
values of L, may be determined, It will be noted that the band 
is relatively narrow, even if the remainder of the 'C!' values 
are considered, and thus L, is primarily a function of '9' for 
the values of 'C! that were obtained. <A similar treatment may 
be made of the V; and ‘GZ! relationship but the band is very 
wide, Since Dr. McLeod reports no relationship for the latter plot, 
it indicates that the subgrade support does not depend on 'C! and 
a Telationship was shown between subgrade support and L, because 
the effect of 'C! was not appreciable, The relationship that has 
to be studied is thus reduced to subgrade support versus angle of 


internal friction. 


It was then decided to investigate whether Q@ was an 
independent variable affecting the subgrade support, or that both 
Y and the subgrade support depended on the moisture contents and 
degree of saturation, Plots were made of 'Q%! versus degree of 
saturation and '§! versus moisture content. Fig. 9 shows these 
plots for the individual airports and Fig. 10, ‘'Y' versus degree 
of saturation for all four airports. The points marked + in Fig. 9 


for the Lethbridge airport have been omitted from Fig. 10. The data 


appears to be in error both in the 'Y' versus degree of saturation 
and the compressive strength versus moisture content in Part II and 
their omission is justified. 

Considerable deviation from the best 'fit line' is noted 
in Fig. 9 and Fig. 10 but does appear in excess to that shown in Dr. 
McLeod's graphs. A relationship was indicated between 'Y!' and the 


degree of saturation and that '@' is independent of the moisture 


content, 


Figures 1, 2,3,4,5 and 6 have been reproduced from Dr. 


McLeod's Report. Figures 7,8,9 and 10 are original in this thesis, 


a ay 

ween jovndasd aunt" | 

| yiev ai baad oad dud airienoldatss ee ey wv ‘end 20 pes ad 
gene tesdal orld 0% qhiteaotte ie Onl astoqet poatok 10 ponte a 
brs. 104 tte brieqeb for e906 drogaue ebsrgdi addy dad gedeo thes oh 


sensoed i bas Suoqgie ebsxydve soswted aworle eB qtdenoite tor s 
to footie etd 


eed. dard qtdemoids fo oat soldsioetads dor Saw ae 
J baoubert ends ef botbude ad ot 


motto Ext fasrodnt 


ti aes euetev gvoqawse obertadue © 
ne egw Q torlterke odaghieom ‘ot bebiveb hens aw Jt” : 
gdod detid 10 sttoqane obetadue etd guidoote oldeitey sucbasqebet 


brs edrretnoe etude tom exit ao bebe gel srogene, ebatadue enld bos cy 
mr ‘to shem otow atolt coldesudse 40 compel 


to esngeb exesev_ 
died onade Lom eurertev “Nr hous nontoastee 


a i ai bre. edtogiis. isublvibai art tot asolq 
>» .edtogiis aut! far tol nobdeiudee 20 


geste ewore wee: 
sertyeh eNeTev rQt: 


2 sit at 4 "besten edatod ont? 


ue ateb oot OL a mort bedd tuo reed: ovad sroasts sahioates © ong ao 


“no ktstudes to sorgab. emesoe | Re 


brie’ ft e184 i drags ousieton euetav an 
; ond a rie 


hy deed lt nett coniatee: olen 


5. Conclusions 

ae It has been indicated that subgrade support is influenced, 
if at all, only to a very slight extent by the cohesion, 'C!'. 

b. A relationship has been indicated between subgrade support 
and 'Z! and in turn with '@' and the degree of saturation. It 
thus follows that both '@' and the subgrade support are functions 
of the degree of saturation which is an independent variable. No 
inconsistency results if the subgrade support is considered dependent 
on the degree of saturation and 'Y! has been used as a 'parameter'. 
Dr. McLeod's report may be criticized on this basis for not inves- 
tigating the degree of saturation and moisture contents and their 
effect on subgrade support. 

c. The angle of internal friction has been shown to be inde- 
pendent of the moisture content, The same conclusion is obtained 


for saturated cohesive soils from the Casagrande two-curve hypothesis. 
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